Introduction
The presence ofcor pulmonale in patients with chronic obstructive pulmonary disease is associated with a poorer prognosis.'2 Cor pulmonale is related to pulmonary hypertension, which is probably sympathetically mediated3 and is at least initially largely reversible. In the chronic state structural changes in the pulmonary arterial tree also contribute.
Relief of hypoxaemia by administration of supplemental oxygen on a domiciliary basis has been shown to have a beneficial effect on survival in two large multicentre trials45 in patients with chronic obstructive pulmonary disease and cor pulmonale. Relief of hypoxic pulmonary hypertension has long been held to be the cause of the improved survival, though recent studies have suggested improvement in end organ oxygen delivery as an alternative or additional mechanism.6 No strong prognostic indicators emerged from the early domiciliary oxygen studies that could identify the patients who are more likely to have a survival advantage with oxygen therapy. Identification ofthese patients is important as it would Cardiopulmonary response to oxygen therapy in hypoxaemic chronic airflow obstruction spare the expense, inconvenience, and potential hazards of long term domiciliary oxygen treatment for patients unlikely to benefit.
Ashutosh et ar8 recently reported that a fall in pulmonary artery pressure (A PAP) of over 5 mm Hg in response to 20 hours of 28% oxygen was a good predictor of improved survival at two and three years in patients with severe airways disease and cor pulmonale. The presence of pulmonary hypertension and lack of pulmonary vasodilator response to oxygen breathing have also been reported by Keller et al9 to be associated with a worse prognosis in chronic obstructive lung disease. The main predictive test in both of these studies, however, requires right heart catheterisation and is thus of limited general applicability for the large population of patients requiring assessment for domiciliary oxygen treatment.
The aims of the present study were to investigate the mechanisms of acute changes in the pulmonary and systemic circulation in response to administration of oxygen to patients with hypoxic chronic obstructive pulmonary disease and to examine the capacity of various non-invasive measurements to detect these changes. The non-invasive measurements were the soluble gas uptake estimation of effective pulmonary blood flow, dead space:tidal volume ratio, gated blood pool ventriculographic estimates of left ventricular ejection fraction and M mode echocardiographic estimates of ventricular contractility and size. Soluble gas uptake estimates of effective pulmonary blood flow using rebreathing (QRB) and single breath (QSB) methods are now well established in normal subjects' 13 and have been applied more recently to chronic airflow obstruction'4"5 and restrictive lung disease.'6 Measurements of effective pulmonary blood flow may be affected by change in the distribution of pulmonary blood flow as well as by change in cardiac output. Discrepancies between the responses to oxygen in these measurements may shed light on the mechanisms underlying the response to oxygen. Oxygen treatment may cause an increase in dead space:tidal volume ratio (VD/VT)"7 and in left ventricular ejection fraction in some patients with chronic obstructive lung disease.7
Methods
We studied consecutive patients with severe chronic obstructive lung disease referred to the thoracic unit of Heidelberg Repatriation Hospital for assessment for long term oxygen treatment during 18 A technetium-99m gated blood pool scan was performed and left ventricular ejection fraction calculated, a large field of view gamma camera with computer (Informatek) analysis being used.
Each patient then underwent insertion of a Swan Ganz flow directed right heart catheter (Edwards laboratory 93A131H7F) into the pulmonary artery through an antecubital vein. A catheter was also inserted into the radial artery. With the patient seated and breathing room air via a two way valve and mouthpiece and following a period of quiet rest, a series ofmeasurements were made, including duplicate measurements of systemic arterial and pulmonary arterial blood gas tensions. Pulmonary artery pressure was measured in triplicate, systolic and diastolic pressures being averaged over at least three respiratory cycles. Mean pulmonary artery pressure was taken from the mean electrical signal, the accuracy of which had been verified by planimetered averages ofpressure tracings.
Triplicate thermodilution estimates of cardiac output were made with an Edward's Laboratories cardiac output computer (9520A) and 10 ml boluses ofice cold saline. Pulmonary vascular resistance (PVR) was calculated. Resting direct Fick cardiac output estimates were made from simultaneous measurements of carbon dioxide production (mixed expired gas) and arterial and mixed venous carbon dioxide contents. A comparison of oxygen and carbon dioxide Fick estimates was made for room air measurements. Because of poor reproducibility of QSB in these patients with very severe airflow obstruction, adequate results were obtained in only eight of the first 10 subjects studied so the test was discontinued.
EFFECT OF OXYGEN BREATHING
Mean pulmonary artery pressure fell significantly after both 100% and 28% oxygen treatment. The fall in pulmonary artery pressure after 100% oxygen administration was over 5 mm Hg in five patients and over 4 mm Hg in nine. There was a decrease in mean PVR but this just failed to be significant (p < 01).
The fall in thermodilution cardiac output was significant only after 20 minutes of 100% oxygen breathing; the fall in the direct Fick measurements of cardiac output was not significant. The rebreathing soluble gas uptake measurement of pulmonary blood flow fell significantly after both 100% and 28% oxygen. $Eight subjects.
For abbreviations see under "Methods."
group nine patients; mean (SD) baseline left ventricular ejection fraction was 58-6 (6-0) before and 59-4 (5 1) 1/min after 48 hours of 28% oxygen.
REPEATABILITY OF ORB, QSB, AND VD/VT
The reproducibility of the non-invasive measurements was assesssed from duplicate estimates as the coefficient of variation (SD/mean). This was 17-3% for (ORB, 31 % for ()SB, and 3-0% for VD/VT.
Discussion
A fall in cardiac output and effective pulmonary blood flow coincided with a fall in pulmonary artery pressure on administration of oxygen in this study. Of the various measurements assessed, the rebreathing soluble gas uptake measurement of the effective blood Table 3 
The coefficient of variation Of4RB measurements in our patients with severe airflow obstruction (mean FEV, 26% predicted) was 17 3%. This is higher than the values of 10-2% and 10-5% based on triplicate estimates for patients with less severe airflow obstruction (mean FEV, 64% and 42% predicted respectively) obtained previously in our laboratory,'4 and compares with a value of 8-7% for normal subjects.
The poorer repeatability of 4)RB measurements in patients with more severe airflow obstruction places constraints on the use of 4RB as a detector of oxygen responsiveness in these subjects. Estimates suggest that for triplicate measurements a change of the order of 25% would be required for 95% confidence that a real fall had occurred. Obtaining the needed multiple replicates in these circumstances when relatively small real changes in cardiac output are expected is time consuming, as three to five minutes are required for washout of foreign gases during each test. The measurements are not demanding for the patients, however, and multiple measurements are feasible. QSB measurements, being much less reproducible in severe airflow obstruction (coefficient of variation 31 %), are of little value in these circumstances.
Administration of 100% oxygen increased VD/VT in our patients in the absence of any significant change in minute ventilation or tidal volume, providing further evidence of a redistribution of pulmonary blood flow.
An increase in VD/VT in response to oxygen and aminophylline has been well described by Read and coworkers,'72627 who introduced the concept of vascular responders (increase in VD/VT with oxygen) and non-responders (no change in VD/VT with oxygen) among patients with chronic obstructive lung disease.
This response to oxygen is thought to be due to increased blood flow to low V/0 areas, resulting in a net worsening in V/4 balance. In a large series of patients with chronic obstructive lung disease who were not receiving oxygen Lindsay and Read28 showed a poorer overall survival in vascular responders than in non-responders for a given degree of airflow obstruction. The ratio of responder to non-responder VD/VT status in normal and chronic obstructive lung disease populations was 2:1 in these studies and may be genetically determined. Rebuck A maximum oxygen uptake of more than 6-5 ml/ min/kg during symptom limited cycle exercise has been shown to predict both the acute response of pulmonary artery pressure to 28% oxygen for 24 hours and long term survival with domiciliary oxygen treatment in patients with chronic obstructive lung disease.8 In our patients the correlation between Vo2max and APAP after 24 hours of 28% oxygen approached statistical significance (p < 0-1), whereas no other index ofbaseline respiratory function showed any relation to AIPAP or AVD/VT.
In this study oxygen administration caused a fall in cardiac output, a redistribution of pulmonary blood flow, and a fall in pulmonary artery pressure in patients with chronic obstructive lung disease and hypoxaemia. The pulmonary artery pressure response to acute oxygen administration correlated closely with the fall in QRB, a non-invasive measurement ofcardiopulmonary function. Fall in pulmonary artery pressure is known to have predictive value for survival in patients with chronic obstructive lung disease receiving long term domiciliary oxygen therapy. Because of its non-invasive nature, is particularly suitable for repeated measurement in the same patient and may be useful for following cardiopulmonary responses to oxygen or other therapeutic interventions over a period of time. Follow up of these and larger series of patients is required to confirm whether acute changes in 4RB, VD/VT, or any other non-invasive marker of cardiopulmonary responsiveness to oxygen administration are of practical value in predicting which patients with chronic obstructive lung disease are most likely to benefit from long term oxygen therapy.
